The lipidoses comprise a group of disorders in which there is a deposition of some specific lipid in an organ or organs of the body. Some of these conditions affect the brain and four such diseases will be discussed, namely Gaucher's disease, Niemann-Pick's disease, amaurotic family idiocy, and metachromatic leucodystrophy.
Before discussing the abnormalities in these diseases it is necessary to have some idea of the lipid composition of the brain and of how the various substances are distributed within the brain.
It has been shown that myelin is composed of sphingomyelin, cerebroside, cholesterol, proteolipid and mucopolysaccharide. As well as chemists, electron microscopists and workers using X-ray diffraction techniques have assisted in determining these facts and indicating the relative spatial relationships of the various component parts.
Until recently it was thought that many of these substances were in a constant state of metabolic activity. However, in the past year or two by means of the incorporation of a radioactive carbon atom in cholesterol or in serine, workers such as Davison and Payling Wright and their colleagues have shown that this is not correct. These workers have shown that when 14C is given to young rabbits, after an initial rise there is maintained a level which is steady even up to a year or more. By tagging cholesterol at a specific place-position 4 on ring A-it has been possible to show that even after a year or more the isotope is still present in exactly the same place in the cerebral cholesterol. Similar results can be obtained with serine from which substance both sphingomyelin or cerebroside can be manufactured. (Davison et al., 1959; Payling Wright, 1961) .
Sphingomyelin, cerebroside and ganglioside all contain the sphingosine radicle. As well as sphingosine, sphingomyelin contains phosphorylcholine whereas cerebroside possesses a hexose component. The fatty acids of sphingomyelin in the brain are mainly stearic, lignoceric and nervonic acids, while the hexose component in cerebroside is mainly galactose whereas in the organs such as the spleen it is predominantly glucose.
Recent evidence concerning the enzymic synthesis of sphingomyelin, at least as far as the liver is concerned, is that it takes place by the transfer of the phosphorylcholine portion of cytidine-diphosphate choline to the free primary hydroxyl group of a ceramide. This reaction is said to be due to a transferase, phosphorylcholine -ceramide transferase, or cytidine-diphosphate-choline ceramide cholinephosphoryl transferase, which is highly specific.
It should be noted that the sphingosine moiety of the ceramide must have the trans configuration at the double bond, and the hydroxyl group on carbon 3 must have the threo relationship to the amino group on carbon 2. In normal tissue sphingomyelin it is found that the erythro configuration is the one present and this is somewhat surprising. Probably there is normally another enzyme present enabling the threo configuration to change to the erythro in vivo.
Nerve cells and axons contain cholesterol, lecithin, cephalin and ganglioside which was first described by Klenk (1939) . This German chemist has conducted much research on the subject of the cerebral lipids and he has recently shown that there may be two forms of ganglioside, one with, the other without hexosamine (1960) . Ganglioside contains, apart from sphingosine, N-acetyl neuraminic acid by means of which estimations of the substance can be made. Klenk is of the opinion that in some way ganglioside assists in the laying down of myelin.
The composition of the brain varies with age and in general it can be said that there is a steady increase of the myelin lipids during early life but that after the age of ten years there is little change in the levels of the various lipids.
A more detailed record of these changes can be found in other publications (Cumings et al, 1958; Cumings 1960 ) but in describing the various conditions an indication will be given of the degree of abnormality present.
Gaucher's Disease
Many of the cases occur in young children and affect the viscera especially the spleen which is often considerably enlarged. A very few-probably only three-of these cases have been investigated in as far as the brain has been concerned and in no case was abnormality of the cerebral lipids found when evidence of cerebral involvement was lacking. Occasionally cerebral symptoms do occur and a dozen or so cases have been investigated clinically and histologically. Recently, Dr. Maloney and I examined such a patient of eight years (1960) and the histological picture showed the ballooning of the nerve cells in various areas of the brain which is so typical, and the spleen was also full of foamy cells.
Chemical analysis of the brain and of the spleen was made and the results are recorded in Table 1 . There is, for the age of this child, a slight loss of phospholipid in the cerebral white matter but an almost normal cerebroside level. The cerebral cortex shows a loss of phospholipid and cholesterol but a definite increase in cerebroside while the spleen has an almost ten-fold increase of cerebroside although this organ contains rather more phospholipid and cholesterol than is normal.
The cerebrosides of both the spleen and the brain were extracted and the type of hexose determined.
Normally in the brain cerebroside, the hexose is galactose whereas in the spleen it is glucose. In this case the brain cerebroside contained 63 per cent of glucose and 37 per cent galactose, whereas in the spleen the major part of the hexose was glucose.
This condition is one involving the abnormal deposition of, as far as is known, a normal cerebroside, in a number of different organsspleen, bone and brain. The mechanism is unknown but some enzymatic process must be in error. This is also a disease commonly affecting young infants even though as in the previous disorder, older subjects may be affected. Only rarely has the brain been recorded as being involved, and these patients are often infants. There are some fourteen cases on record in which some chemical examination of the brain Niemann-Pick's Disease Results in g./lOO g. dry tissue has been made. Klenk (1934) found that the deposited material was sphingomyelin and that this was the substance in the foamy cells of the spleen and the other organs. Both Niemann in 1914 and Pick in 1926 and 1927 had described these cells and differentiated them from those found in Gaucher's disease.
Klenk found excess of sphingomyelin both in the viscera and in the brain. Most of the brains of the cases so far described do demonstrate this increase in sphingomyelin, and also an increase in cholesterol, a feature Uzman (1958) found in the spleen.
Klenk also demonstrated an increase in ganglioside in the cerebral cortex in three cases, a fact confirmed by a few other workers.
Recently, an opportunity has been presented of examining material obtained from two children-a boy and his sister. Histologically the features were typical, both in the brain and in the spleen. The results of the chemical examination are given in Table 1 . The most noticeable features are an increase of sphingomyelin and a raised level of neuraminic acid (and therefore of ganglioside) in the cerebral cortex. The content of neuraminic acid is twice the normal. The spleen shows a significant increase in both total phospholipid and sphingomyelin. These results were obtained from an analysis of the organs of the girl, but the findings in her brother were very similar.
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of onset; the Tay-Sachs' form usually affects very young infants under a year and often of Jewish parentage and such infants are often blind and show macular degeneration or a cherry red spot, whereas the sign is not often found in the older children. Histologically there is degeneration of neurones with deposition of a lipid substance within them which stains red with both PAS and Sudan stains. Klenk in 1935 examined the brains of some of these cases of Tay-Sachs' disease and found no increase in phospholipids, such as sphingomyelin. However, shortly after, he found an increase in a substance which later he demonstrated was ganglioside. This fact has been confirmed by some workers since and a number of cases have been shown to have normal or slightly lowered phospholipid levels with raised ganglioside contents. However, Klenk did not find a raised ganglioside level in other forms of amaurotic family idiocy and this can be partly explained, for although cells distended with lipid are present in these other forms they may be fewer in number. I have now examined portions of brain from nineteen Amaurotic Family Idiocy proven cases of amaurotic family idiocy This term is one very commonly used to including some of Tay-Sachs' disease and many include the conditions known as Tay-Sachs' of these do show slightly increased quantities disease, the infantile, late infantile and adult of ganglioside. A child of six years, for form as described by Kufs.
instance, showed typical histological features Perhaps the description of a case will enable while the chemical examination of the brain one to obtain a picture of these conditions. resulted in a lipid composition indicated in The clinical picture varies according to the age Table 2 . It can be seen that there is little loss of phospholipids or of cholesterol but the neuraminic acid is nearly three times the normal.
As yet there is no indication as to the cause of this condition, but it would appear likely that it is due to some enzymic defect.
Metachromatic Leucodystrophy
This condition possesses this name because when sections of the brain are stained with certain dyes-such as toluidine blue-metachromasia is seen in the white matter. Again, this condition is seen in children and, but very rarely, in adults.
The clinical picture is one of mental degeneration with other neurological abnormalities, but epilepsy or other evidence of cortical damage is very rare.
In 1957 Edgar demonstrated that in this type of case there was an increase in lipid hexosamine in the white matter, while I found an increase of total hexosamine. Since then in thirteen biopsy specimens as well as six postmortem cases this fact has been confirmed.
Austin in 1957 demonstrated the presence of some metachromatic material in the urine, for it is well known that the kidney is also involved in this condition. A little later, Austin in America and Jatzkewitz in Germany by different methods found increased amounts of cerebroside sulphuric acid esters or sulphatides. Others in Sweden as well as in this country have confirmed these findings.
The results of a chemical examination of the brain from a child of nearly three years suffering from this condition are given in Table 2 . It is seen that there is some loss of total phospholipid and a two-fold increase in total hexosamine in the white matter. The sulphatide level is also increased above the normal which for this age has been found to be about 1.7 g. per 100 g. dry tissue.
This condition is one in which an acidic mucopolysaccharide is increased in amount in the white matter. Whether this is an abnormal mucopolysaccharide or whether it represents an increased production of a normal compound is not known. That it affects the body generally is agreed but, whereas some consider the condition to be of a generalised nature, others would regard the lesions in the kidney and elsewhere as representing the results of an excretion of a substance produced in the brain and which then gets into the blood stream. I do not know which view is correct.
These then are a few of the features of the cerebral lipidoses. We have learnt a lot about them during the past ten or twenty years, but there is considerably more to know before the exact mechanisms of the processes involved are elucidated, or before it will be possible to advise useful and remedial therapy.
